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The study of steroid pathways in sebaceous 
glands is still relatively recent. Several specific 
metabolites of steroids have been identiJied in 
studies using sebaceous gland analogues such as 
the rat preputial gland (Richardson and Axelrod, 
1971) and the hamster costovertebral gland (Ta-
kayasu and Adachi, 1972). Much additional work 
remains to be done to clarify not only specific 
pathways but their physiologic significance and 
control mechanisms. 
Except for the histochemical studies of Baillie et 
a!. (1966) and Milne (1969), all work on steroid 
metabolism in human skin has been done on whole 
skin homogenates or plucked hair foll icles. Until 
such studies involve isolated human sebaceous 
glands, our knowledge of the specifics of steroid 
transformations in human sebaceous glands must 
be limited to speculation which, in turn, must 
depend upon extrapolation from studies of human 
whole skin, histochemical studies of human seba-
ceous glands, and studies of animal sebaceous 
analogues. 
In a very short time, several significant contribu-
tions have been made in what was until recently a 
largely unexplored field. It appears now that the 
skin and probably the sebaceous glands themselves 
participate meaningfully in controlling their own 
tissue-specific stimulators and inhibitors rather 
than acting as passive recipients of such regulators 
brought to them by the circulalion. This paper 
di:!als mainly with those aspects of steroid metabo-
lism that have been rather thoroughly studied i.n 
rat and mouse preputial glands . As such, it may 
shed some light on the mechani.sms that control 
steroid interconversions in sebaceous glands. 
Whether the regulation of steroid hormone me-
tabolism i.n sebaceous gland analogues is similar to 
that in human sebaceous glands is not yet known, 
bul some similar ities between the two do exist: 
1. The morphologic response of these structures 
to androgenic stimulation and estrogenic inhibi-
tion appears similar to that of human sebaceous 
glands. 
2. The pattern of testosterone metabolism in 
these structures is similar to that in human skin. 
Human skin has been shown to metabolize 
progesterone (Frost et al., 1969). estrogens (Hsia et 
al., 1966), hydrocortisone (Hsia et al., 1964), and 
androgens. However, the existing literature on 
steroid pathways in specialized sebaceous glands 
appears to be limited almost entirely to androgen 
metabolism. 
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lN VlVO UPTAKE AND METABOLISM OF STEROIDS BY 
SEBACEOUS GLANDS 
Although most investigators have studied ste-
roid metabolism in skin and sebaceous gland 
analogues in vitro, a quantitative estimate of the 
amount of steroid taken up. metabolized, and 
retained by these tissues compared with other 
tissues can be obtained only from in vivo data. The 
comparative rate of in vivo uptake and metabol ism 
of testosterone by skin and accessory sex organs 
has been studied in our laboratory in male· rats. 
T hree groups of 3 fou r-month-old castrated male 
rats, were injected IV with 100 microcuries of 
testosterone- 9H and sacrificed at 45, 60, and 90 
min. Skin, preputial glands, prostate, and seminal 
vesicles were analyzed for metabolites by means of 
thin-layer and gas chromatography. 
Figure 1 shows the results in animals sacrificed 
at 45 min. Testosterone (TEST) uptake was 250 
cpm/mg of ski.n, 750 cpm/mg of preputial gland, 
150 cpm/mg of prostate, and 250 cpm/mg of semi-
nal vesicles. The amounts of testosterone taken up 
by sebaceous glands, other skin appendages, and 
the epidermal and dermal structures remain to 
be determined. Although peak uptake of testos-
terone in the prostate and skin occurred within 45 
mi.n, testosterone-3H was still accumulating in the 
preput ial gland and seminal vesicles 90 min after 
i.njection. The major testosterone metabolite in all 
of the tissues was dihydrotestosterone. 
At fi.rst, these data (expressed in cpm/mg of 
t issue) might suggest that t he role of skin in the 
total body uptake of testosterone is relatively 
insignificant. However, when the total weight of 
each organ is taken into account (Table), it be-
comes clear that skin is a major site of testosterone 
uptake in the t ime period of this study. Moreover, 
if we assume that the conversion of testosterone to 
dihydrotestosterone (DHT) in the skin sample 
used represents the conversion rates throughout 
the whole skin, then multiplying the counts per 
minute per mg of tissue by the total weight of each 
organ makes it immediately evident that the skin 
and its appendages have a greater total capacity 
for metabolizing testosterone to dihydrotestoster-
one than any of the androgen-dependent organs 
included in the Table. The same is t rue of the other 
testosterone metabolites studied, and thus the skin 
appears to have been the major site of testosterone 
metabolism over the time period of th is investiga-
tion . Additional experiments at 90 min have shown 
an even grea\er uptake and metabolism of testos-
terone by skin. 
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Adachi and Takayasu (1972), who studied the 
sebaceous glands i~ the costovertebral spot of 
hamsters, fi.rst described in detail by Hamilton and 
Montagna (1950), obtained similar results. ln their 
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FlG. 1: Comparative rate of in vivo uptake and metab-
olism of testosterone-•H in rat organs 45 znjn after intra-
venous testosterone infusion (cpm/mg of tissue). Total 
testosterone uptake was 250 cpm/mg of skin, 750 cpm/ 
mg of preputial gland, 1500 cpm/mg of prostate, and 
250 cpm/mg of seminal vesicles. 
TABLE 
Andro.l(en content of tissue 45 min following testosterone 
injection• 
Skin PPG Prostate Sem. ves. 
TEST 113.85 .93 3.64 1.07 
DHT 18.81 .72 3.94 1.45 
Androstenedione 8.91 .12 . 16 .06 
Androstanedione 8.91 .15 .09 .11 
Androstandiol 6.44 .07 .15 .10 
• Results expressed as counts/min/total amount of 
tissue x 10·•. 
experiments, the animals were castrated 24 hr 
before intraperitoneal injections of 1000 microcu-
ries of testosterone-3H and were sacrificed 30 min 
later. Compared with the prostate and seminal 
vesicle, the costovertebral glands contained con-
siderable amounts of dihydrotestosterone. These 
results describe yet another sebaceous gland ana-
logue that actively accumulates and metabolizes 
testosterone to dihydrotestosterone. 
lN VITRO METABOLISM OF TESTOSTERONE BY 
SEBACEOUS GLAND ANALOGUES 
Rat Preputial Gland 
In addition to the in vivo studies just discussed, 
a number of investigators have examined the in 
vitro metabolism of androgens in various seba-
ceous gland analogues. An earJy study was that of 
Wilson and Gloyna (1970} who investigatP.d the 
comparative rates of formation of dihydrotestos-
terone from testosterone in tissue slices from 19 
different areas in the rat. The mean rate of 
formation of dihydrotestosternne varied from 570 
micromoles/100 mg/hr in prostate to undetectable 
levels in the 3 muscles studied. Levels greater than 
100 micromoles/100 mg/hr were found only in ac-
cessory sex tissues, including the preputial gland. 
The rate of dihydrotestosterone formation in skin 
was about 50 micromoles/100 mg of tL'>sue/hr. Al-
though lower than that observed in accessory sex 
tiss1,1es and prostate, this rate may be significant 
in terms not only of the skin's participation in the 
regulation of its own steroidal milieu, but also of 
the total body economy, because of the IMge total 
mass of the skin. 
The in vitro metabolism of testosterone by the 
rat preputial gland has been studied more exten-
sively by several investigators including Bardin 
and co-workers (1970), Bullock and co-workers 
(1970), and Richardson and Axelrod (1971). Figure 
2 shows a composite picture of the major pathways 
for testosterone metabolism in the preputial glands 
of rats and mice. The radiometabolites found in 
the rat preputial gland after incubation with 
testosterone-'H were 5a-dihydrotestosterone, an-
drostandiol, androstenedione, and androstandione. 
Richardson and Axelrod (1971) also identified two 
androstandiols: 5a androstane-3,8, 17,8 diol and 5a 
androstane-3a 17-diol. They found no 5-,8 metabo-
lites. When preputial gland nuclei were incubated 
with testosterone-7a-1H, the metabolites recovered 
were 5a-dibydrotestosterone, Sa-androstane-3,8-
17,8-diol, and 3-epiandrosterone. In minced prepu-
tial glands, 69 percent of the metabolites formed 
were dihydrotestosterone, 20 percent the 17 -oxo 
derivatives, 15 percent the 3-,8-hydroxy C-19 ste-
roids, and 5 percent the 3-a hydroxy C-19 steroids . 
Testosterone-7a-'H incubated in TPNH and 
ATP with preputial gland nuclei was metabolized 
to 5-a-dihydrotestosterone. These findings support 
the data reported by Bruchovsky and Wilson 
(1968) that preputial glands, like other androgen 
target tissues, accumulate dihydrotestosterone in 
the nuclear fraction . 
Mouse Preputial Gland 
In addition to being anatomically similar to the 
rat preputial gland, the mouse preputial gland also 
has a similar ability to metabolize testosterone. 
Figure 3 shows the testosterone metabolites we 
found in the mouse preputial gland. The major 
difference between the mouse and the rat preputial 
gland (Fig. 4) is that the former accumulates more 
androstanedione and much less androstenedione 
than the rat preputial gland. 
METABOLISM OF ESTRADIOL IN THE RAT PREPUTIAL 
GLAND IN vrr;Ro 
Hsia et al. (1966) have shown that estradiol is 
metabolized Lo estrone in whole human skin. The 
Ftc. 2: Composition of major pathways of testosterone 
metabolism in rat and mouse preputial gland. 
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FIG. 3: Zonal scan profile of thin-layer chromatogram 
showing pattern of testosterone- 3H metabolism in vitro 
in the mouse preputial gland. Solid line represents the 
cpm contained in the numbered vials. Zero represents 
the origin of the thin-layer chromatogram. 
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FIG. 4: Zonal scan profile of thin·layer chromato~am 
showing pattern of testosterone metabolism in vit.ro-rat 
preputial gland. 
results of a preliminary investigat ion in our labora· 
tory of estradiol-3H metabolism in rat preputial 
gland have indicated that the major metabolite 
was estrone and a large unidentified radioactive 
peak was also observed: studies are under way to 
characterize it. We have recently observed a s imi-
lar pattern of metabolis m in hum an sebaceous 
glands microdissected from CaC1 2-treated whole 
skin, previously incubated with estradiol-3H. 
METABOUSM OF' D.EHYDROEPIANDHOSTERONE BY RAT 
PH.EPUTIAL GLAND IN VITRO 
Fared in et a!. ( 1970) have reported that 4-"C 
dehydroepiandrosterone is rapidly metabolized by 
human skin. Figure 5 shows the results of our 
in vestigation of the ability of ra t preputial gland to 
metabolize dehydroepiandrosterone-3H (DHAJ in 
vitro. Dehydroepiandrosterone was converted to 
androstenedione. The solvent system used in these 
preliminary experiments did not separate andros· 
terone or epiandrosterone from dehydroepiandros-
terone . Hence we do not exclude the possibility 
that either androsterone or epiandrosterone or both 
.are included in the area identified in Figure 5 as 
dehydroepiandrosterone. 
METABOLISM 01' PROGESTERONE IN HAT PREPL'TlAL 
GLAND IN VITRO 
Figure 6 shows the results of our in vitro incuba-
tion studies ot progesterone metabolism in the ra t 
preputial gland. Progesterone-3H was rapidly me-
tabolized to 5a-pregnene and Sa-pregnane deriva-
tives. These metabolites are similar to those found 
in whole human skin (Frost et al. (1969). 
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F1c. 5: Zonal scan profile of tbin-layer chromatogram 
showing pattern of dehydroepiandrosterone metabolism 
in vitro-rat preputial gland. 
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F1c. 6: Zonal scan profile of th in-layer chromatogram 
showing pattern of progesterone metabolism in vitro-
rat preputial gland. 
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STEROID TRANSFORMATIONS IN IIUMAN SEBACEOI:S 
GLANOS 
Currently, we have no absolute proof that 
human sebaceous glands play a central role in 
transforming steroid hormones in skin since pure 
sebaceous glands have not been used in incuba-
tions. However, evidence indicates that sebaceous 
glands in human skin do metabolize androgens and 
that the resulting metabolites are similar to those 
in whole skin with no sebaceous glands. The data 
supporting this view have been derived from histo-
chemical observations. 
The primary difficulties with steroid histochemi-
cal methods are: ( l) they do not involve final 
isolation of the end product(~>) of the reaction; (2) 
they do not give quantitati,·e information about 
any one specific metabolite; (3) only a limited 
number of enzymes. the hydroxysteroid dehydro-
genases (HSDl. can be demom;trated effectively; 
(4) compounds with more than one available 
source of hydrogen such as cortisol, estriol. and 
androstenediol cannot be properly e\'aluated: (,')) 
since these compounds use the reduction of cofac-
tors to mediate the observed reaction. their speci-
ficity is open to question. With theRe limitations in 
mind, we will briefly review the existing data 
derived from histochemical studies. 
Baillie et al. (1966), in studies which used the 
formation of monoforman or diformazan granules 
as an indicator system. identified 7 different hy-
droxysteroid dehydrogenases in sebaceous glands 
from the acne-prone areas of the face. neck. upper 
chest, back. and shoulders. The sebaceous glands 
from these areas showed intense 3{3 HSD and 16{3 
HSD activity, moderate 3a HSD and 17{3 HSD 
activity. and trace 68 HSD and 20{3 HSD activity. 
No activity was observed in s pecimens from the 
forearms or lower limbs. The same general pattern 
was observed in specimens from acne patients 
except that the intensity of 3{3 HSD and 16{3 HSD 
activity was noticeably reduced . The authors hy-
pothesized that the 3{3 HSD was involved in either 
cholesterol biosynthesis or other significant reac-
tions including conversions of pregnenolone to 
progesterone. l7a hydroxypregnenolone to l7a hy-
droxyprogesterone. DHA to androstenedione. and 
androstenediol to testosterone. They also sug-
gested that 3a HSD was involved in the detoxilica-
tion and excretion of steroids in both 5a and 5fJ 
configurations. Such reactions might include the 
reduction of cortisol to tetrahydrocortisol and the 
interconversion of androstenedione and androster-
one and of testosterone and etiocholanolone. The 
presence of 11{3 HSD suggested that the intercon-
version of cortisol and cortisone takes place in the 
sebaceous gland. These investigations also sug-
gested that 16.8 HSD is involved in estrogen 
conversion but indicated that in view of its intense 
activity a more significant role for 168 HSD could 
be expected. The existence of 17{3 HSD suggested 
that the interconversions of DHA and andros-
tenediol and of testosterone and androstenedione 
are mediated in the sebaceous gland. 
Caiman et al. ( 1970). us in(! the histochemical 
staining method of Muir et al. (1968). have de-
scribed the distributions of 4 HSD in human 
sebaceous glands. The procedure uses 3{3 HSD 
for substrate with DHA, 16{3 HSD with 5-andro-
sten-3{3-16{3 diol 3 methyl ether, and 17{3 HSD . 
with both testosterone and 17 fJ estradiol for sub-
strates. The results are different from those de-
scribed by Baillie et al. (1966) and the problem still 
remains open. 
CONTROLLIJ'\G MECHANISMS 
Many factors interact to determine the amount 
of steroid metabolized by sebaceous glands and the 
specific metabolites resulting therefrom. Some of 
these factors are: 
(1) the amount of active steroid or active steroid 
precursor available to the sebaceous gland at the 
le,·el of the cell membrane: 
(2) the necessary amount and !:ipecificity of 
receptor protein in the sebaceous cell cytoplasm to 
transport the specific steroid into the cell; 
(3) the presence of compounds which can com-
pete for the receptor sites: 
(4) the degree to which the steroid is bound to 
the receptor protein: 
(5) the amount of active steroid or active steroid 
precursor entering the nucleus of the cell; 
(6) the necessar~· amount and specificity of 
receptor protein in the sebaceous cell nucleus to 
retain the steroid in the nucleus; 
(7) the presence of compounds in the nucleus 
which can compete for the receptor sites; 
(8) the degree of binding of the steroid to the 
nuclear receptor protein: 
(9) the biologic half-life of the steroid. 
The pattern of steroid hormone metabolism is 
a lso affected by the specilic enzymes that are 
necessary for steroid interconversions. These en-
zymes in turn are regulated by: (l) the availability 
of substrate, (2) the availability of cofactor, (~~~ the 
ratio of oxidized to reduced cofactor. and (4) 
competition between the various steroids for the 
active site of the enzyme. In addition, indirect 
hormonal factors and permissive factors could 
affect the rate of synthesis or the activity of the 
enzymes involved in steroid intercon\'ersions or the 
synthesis of enzymes involved in intermediary 
metabolism. These in tum could affect the en-
zyme-mediated conversion by affecting the level of 
oxidized and reduced cofactors. 
Therefore, the mechanisms that cantrol steroid 
interconversions in skin and sebaceous glands are 
numerous and the interrelationships are so com-
plex that it is impossible to provide an integrated 
picture. However, some of the indi,·idual events 
that might shed light on these complex relation-
ships have been studied. Several authors have 
reported that castration alters the metabolism of 
testosterone in the sebaceous gland. Adachi and 
Takayasu (1972) showed that after castration and 
the injection of testosterone-3H , the amount of 
radioactive d ihydrotestosterone formed in the 
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hamster costovertebral gland rapidly decrea;,ed. 
whereas on a dry-weight basis the :)a reductase 
activity s teadily in creased. an indication that the 
decreased conversion was not due to decreased fla 
reductase activiLy. Howe\'er , the fact that TP~H 
did decrease by about fiO percent indicated that 
decrease in this cofactor was partially responsible 
for the observed decrease in DHT formation from T 
after castrat ion . Their work demonstrates that 
after ca;;tral ion the amount of dihydn>testosterone 
in the sebaceous gland rapidly decrea,;es regardless 
of the increased tesLOsterone uptake. We ha,·e 
found similar re~ults in in vitro s tudies of the rat 
preputial gland CFig. 7). Castration resulted in an 
increased uptake of testosterone and a decreased 
ralio or conversion of tes tosterone to dihydrote»-
tosterone. 
All hough the available data are too !\Canty to 
provide an adequate basis for a satisfactory hy-
pothesis. we suggest that steroid hormone met abo-
' !ism in sebaceous glands is controlled on at least 
lwo levels. The first le\'el {f ig. 81. competili<m 
among various steroids for specific enzymes, has 
already been sugf{ested by certain histochemical 
studies which demonstrated that estradiol and 
testosterone probably compete for the 17/3 hy-
droxysteroid dehydrogenases and thai progesterone 
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FtG. 7: The effect of castration and estrogen adminis. 
, tration on testosterone metabolism in vit ro-rat pre· 
putial gland. The open bars represent the mean uptake 
of testosterone in preputial glands from groups of 6 rats. 
The shaded bars represent DHT uptake. The first two 
bars represent uptake in the preputial glands of normal 
adult male rats; the second group, castrated rats; lhe 
third group, normal male rnts treated with estradiol ; and 
the last group, castrated male rats treated with est radiol. 
T he lower figures represent the percentage of total teslos-
terone converted to DHT. 
PROGESTERONE--- ----5), ~~~g,~rN~E 
TESfOSTE RONE --5a q[OUCTAS£--D~T 
•NO'IOS"!ENEO<<l"<E ------ ---.... ~ • qEI;,AIIES 
TESTOS fERONE ~ 78 HYOROX:"rS T E ROIO _.. ESfllONE 
ESTRADIOL ....,..... OEMi'DROGEPI.AS( - ANDROSTENEDIONE 
Ftc. 8: Various steroid hormone interconversions oc-
curring in sebaceous glands mediated by 5a reductase 
and 17 {J hydroxysteroid dehydrogenase. 
and androstenedione compete with testosterone 
for the 5a reductase enzyme. 
Biochemical techniques have demonstrated that 
the fia reductase and J 7{3 hydrox:-•steroid dehydro-
genase enzymes exist in such ::.ebaceous tissue as 
rat preputial glands and the hamster costoverte-
bral glands whereas the 17{3 hydroxysteroid dehy-
drogenase has been shown hislochemicalh- to be 
present in human ~ebaceous glands. Dete~mining 
the relative amounts of the various steroids present 
and the affinities ol the various steroidg for the 
enzymes present might serve w indicole which 
conversions would predominate. 
The second level at which steroid hormone 
metabolism might be controlled i!> competition 
among the enzymes involved for the necessary 
cofactors. NAD and NADP. The pos.sible deter-
mining con~ideraticm here is whether these cola(' -
tors are in a reduced or oxidized form and in what 
quantities. Adachi and Takayasu (1972) have sug-
gested that the endogenous level of :-.JADPH rather 
than the amount of !)a reductase enzvme act ivitv is 
the rate-limiting factor in the co~lrol of diiw-
drotestos terone formation in the ('Ostovertebral 
glands of hamsters. 
D&ta from our labora tories (Sansone et al.. 1971) 
demonstrate that in the preputial g-land of cas-
trated mice pentose phosphate shunt acth·ity (glu-
cose- l-14C metabolism l is tripled after testo~terone 
administration (Fig. 9). The pentose phosphate 
shunt. specifical ly the glucose-6-pho:-phate dehy-
drogena~e enzyme. is a major source of N ADPH. 
This suggests that the levels of NADPH are high in 
the mouse preputial gland activated by testoster-
one and. measured by the low Ie,·el of pento!;e 
phosphate shunt activity, low in the castrated 
animal. Glycolys is via the Embden-Meyerhof 
pathwa.v is a source ofl'\ADPH. Enzymes requiring 
NADPH, such as :wand 17~ hydroxy~ternid dehy-
drogenases. are extremely important in steroid 
in tercon versions. 
F1c. 9: Effect of testosterone treatmenL on glucose 
oxidation in a model sebaceous structure-mouse pre· 
putial gland. Lines represent glucose."C oxidation as 
measured by evolution of "C01 in lhe preputial glands 
of castrated mice and castrated testosterone-treated 
animals. Glucose-L- " C oxidation is a partial measure-
ment of the pentose phosphate pathway. Glucose·6- "C 
oxidation is representative of Embden- Meyerhof TCA 
cycle activity. 
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F1c. 10: Typical steroid interconversions occurring in isolated sebaceous gland analo&rues. The direction of the 
reaction may be influenced by the amount of reduced or oxidized cofactor available to the enzyme. 
Figure 10 sum marizes some of the potential 
consequences of competition among steroids for 
various enzymes and among the enzymes for vari-
ous cofactors; it is constructed on the assumption 
that the level of reduced to oxidized NAD or NADP 
is a determining factor in controlling the direction 
in which the reaction will l1ow. Thu~. the level of 
cofactor may well be one of the significant control-
ling mechanisms by which steroid interconversion 
is regulated. 
CONCLLSIOJ"' 
Many intriguing questions have been raised by 
the work completed thus far and by attempts to 
provide an understanding of diseases of the pilose-
baceous apparatus. such as acne, and of steroid 
metabolism in the whole body. 
Probably one of the most interestmg areas to 
explore with the biochemical tools now at hand is 
the isolation of viable human sebaceous glands. 
Once this work is undertaken, extrapolations from 
the work done in animal models. studies of whole 
human skin. and histochemical studies. will no 
longer be necessary since direct studies of the 
b iochemical processes in the primary target of 
interest will be possible. 
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